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Abstract: Porous concrete pavement is being used as one of the solution to decrease the storm 
water runoff by capturing and allowing rain water to drain into the land surface. The main problem 
of porous concrete pavement is the strength itself. The objective of this paper is to review the use 
and performance of Nano-silica in porous concrete pavement. From the literature review of the 
previous research, it was found that the conventional porous concrete pavement doesn't has good 
strength for pavement purpose. An addition of Nano-material will improve the physical and 
chemical properties of the porous concrete pavement. 
Introduction 
Recently, environmental issues become concerned over the world. Because of the environmental 
benefits, porous concrete is increasingly used in variety of infrastructures, pavements and overlays 
subjected to heavy traffic load. Due to this extended applications, superior strength and durability 
become concern of porous concrete [I]. The used of Nano-materials has become popular in various 
fields of applications to improve and also produced materials with new functionalities. A lot of 
research has been done in order to explore the benefit and also to improvise the physical and 
chemical properties of materials itself. The objective of this paper is to review the use of Nano- 
silica in porous concrete pavement. 
Porous Concrete Pavement 
Porous Concrete Pavement are different than conventional concrete pavement. The finished surface 
is not tight and uniform, but it is open and varied. The purpose is to admit large quantities of storm 
water [2]. Porous concrete pavement also known as Permeable concrete pavement, No-fines 
concrete pavement and Pervious concrete pavement. Porous concrete is a mixture of Portland 
cement, controlled amount of water and uniformly graded coarse aggregate. In some cases, 
chemical admixture andlor supplementary cementations materials needed for the mixture [3, 41. The 
different between dense concrete and porous concrete are the porous concrete contain little or no 
fines in the mixture. It is to enhance the porosity of the concrete. 
Porous concrete pavement is being used as one of the solution for decreasing the storm water 
runoff by capturing and allowing rain water to drain into the land surface [5-71. According to 
Morgenroth et al. 181, porous pavements are able to increase water availability and also alter soil pH 
and micronutrient availability beneath the pavement. Tennis et al. [7] listed some of the Porous 
concrete pavement applications which are for low-volume pavements, residential roads, alleys, 
driveways, sidewalks, pathways and also parking lots. 
The main problem of porous concrete is their strength. Recently, a lot of study by other 
researchers concentrated on how to improve the strength of the porous concrete. It was found that, 
the increasing in porosity will decrease the compressive strength and flexural strength of the 
concrete [I, 9, 101. Specifier's Guide for Pervious Concrete Pavement Design [2] mentioned that the 
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structure's void of the concrete must be 15% minimum and 25% maximum. It is because when the 
structure's void in the concrete is relatively high, the strength of the concrete will decreased. As 
reported by Chen et al. [I], there are four major factors that will influence porous concrete strength 
which are concrete porosity, water to cementations material ratio (wlcm), cement paste 
characteristic and size and volume content of coarse aggregate [I]. Table 1 shows the previous 
study on porous concrete by other researchers. Due to voids in the porous concrete, it is difficult to 
obtain high strength porous concrete by using common material and mixture. In order to enhance 
the strength of the concrete, silica fume and super plasticizer can be used in the mixture's design 
[ l l ] .  The mixture of porous concrete need to be modified by adding additional material (super 
- plasticizer, steel fibre) or by replacing some percentage of cement with other materials (Nano- 
material, silica fume). 
Table 1 : Previous study on Porous Concrete 
I Tennis et I Chen et al., 2013 1 Huanp; et al., I Lim et al., 
I Super plasticizer & Polymer SJ- 
I al., 2004 [7] 1 [I] 
1 601 
Porosity of 1 15-25 1 15 - 25 
Admixture I Silica Fume + 
Water Through 
Porous Concrete I 
Concrete (%) 
Flow Rate for 
(cmls) 
Compressive 1 20.5 and I 32 - 46 
2013 [lo] 
Polymer Latex Comb Polymer 
& Fibre + Steel Fibre !-- 
0.34 NIA 
Strength (MPa) 1 above 
strength ( m a )  
Flexural 
Recent years, the use of Nano-materials has received particular interested in various fields of 
applications to improved existing technologies and also produce materials with new functionalities 
1121. Nano-materials are used as replacement for part of cement. The Nano-scale size of materials 
can resulted in significantly enhanced properties from conventional grain-size materials of the same 
chemical composition. Previous researches on mixing Nano-materials in cement based indicate that 
the inclusion of Nano-materials modifies fresh and hardened properties [13]. Nano particles have a 
high surface area to volume ratio and also provide high chemical reactivity [14]. A lot of research 
using Nano-materials such as Nano-silica (nano-Si02) and Nano-titanium (nano-Ti02) oxide but 
there are few studies on incorporating of Nano-iron (nano-Fe203), Nano-alumina (nano-A1203) and 
Nano clay particles [15]. 
Among all the Nano-materials, Nano-silica is the most broadly used material as a replacement 
for the cement and concrete to improve their performance because of its pozzolanic reactivity 
besides the pore-filling effect [16]. Nano-silica can act as a Nano-filler to fill up the spaces between 
particles of gel of calcium-silicate-hydrates (C-S-H). In addition, Nano-silica is a pozzolanic which 
has high rate of pozzolanic reaction because of its high surface area to volume ratio and also 
providing the potential for great chemical activity. The pozzolanic reaction of Nano-silica with 
calcium hydroxide will increases the amount of C-S-H which will improves the strength and 
durability of the material. Nano-silica reduces the setting time of mortar when compared to silica 
h e  (SF). Furthermore, it also reduces segregation and bleeding water of the fresh concrete and 
above 
3.5 and 4.2 - 7.4 NIA 3.58 - 3.60 
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improving the cohesiveness of the mixtures in the fresh condition [12, 131. Zhang and Islam [I71 
mentioned in their research that early-age and 28-days strengths of cement pastes, mortars and 
concrete were increased by using small amount of Nano-silica. Table 2 shows the chemical 
composition of Nano-silica from previous research. 
Table 2: Nano-silica Chemical Composition 
Constituent 
SiOz (%) 
AIzO3 (%) 
Sulphate (%) 
Fe (ppm) 
Porous Concrete Pavement Containing Nano-silica 
Content 
Senff et al., 2009 [12] 1 Jo  et al., 2007 [18] 
0.075 
<O. 1 
25 
Ca (ppm) 
Zn, Pb and Cu (ppm) 
LO1 (%) 
A schematic diagram of porous concrete shown in Figure 1. The porosity of the concrete tends to 
decrease the strength of the concrete. A lot of studies has been conducted by other researchers and it 
was found that higher void percentage tends to decreases the strength of the harden concrete [ l ,  3, 
9-1 11. One of the ways to strengthen the porous concrete is by enhancing the strength of the cement 
binder. Porous concrete has a thin hardened cement paste which will decrease the strength of the 
cement binder. The existing of some pores and micro cracks in the hardened cement paste will 
influence the cement paste strength greatly [l I]. 
99.4 
Fig 1: A schematic diagram of Porous Concrete [ l  I ]  
99.9 
10 
<O. 1 
Pacheco-Torgal [14] mentioned in their research that Nano materials allows for dramatic 
increase in the mechanical strength of cementations composites. They will fill the voids of the C-S- 
H structure and leading to denser the hardened cement binder. Heikal [19] conclude in their study 
that the composite cements contain of Nano-silica give the optimum mechanical properties. In 
theory, the lower voids in the hardened cement binder will resulted in higher strength. Indirectly, it 
will improve the strength of hardened cement binder and porous concrete pavement. 
One of the sources of Nano-silica is from Rice Husk Ash. According to Carmona [20], silica is a 
major inorganic element of the rice husk. They also found in their literature review that 94% of rice 
husk contains silica. Pacheco-Torgal et al. [14] reported in their literature review that, the 
production of Nano materials can be obtained by two methods which is through a high milling 
energy or by chemical synthesis. Nano-silica from rice husk produced through a high milling 
energy and become rice husk ash. By grinding Rice Husk Ash to Nano size, it can be use as Nano- 
0.1 
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silica which will be use as cement replacement to enhance the strength of the porous concrete 
pavement. 
Ongoing Studies by the Authors 
The authors of this paper are conducting research to study the performance of porous concrete 
pavement incorporating nano-silica from rice husk ash as partial replacement of cement material. 
The experimental work includes the properties of hardened porous concrete containing lo%, 20%, 
30%, 40% and 50% of nano-silica as substitution for cement material. This experimental work is 
still ongoing and is expected to be completed by the end of December 2015. 
Experimental Program 
Porous concrete pavement is being used as one of the solution for decreasing the storm water runoff 
by capturing and allowing rain water to drain into the land surface. The main problem of porous 
concrete pavement is the strength itself. By replace some portion of cement with Nano-silica, the 
expected outcome will enhance the strength of porous concrete pavement. 
Hardened porous concrete characteristic can be evaluated by conducting 2 type of tests which is 
destructive and non-destructive test. Destructive test consist of compressive strength test, flexural 
strength test, tensile splitting test and also shear strength test, while non-destructive test consist of 
density and water permeability test. For microstructure analysis, it will cover on Scanning Electron 
Microscopy (SEM) and Thermogravimetry Analysis (TGA). Scanning electron microscopy is 
useful for failure analysis since it can reveal where a fracture started, how fast it propagated and 
whether the fracture mode was ductile or brittle. The results are in the form of black and white 
images. Thermogravimetry Analysis will be conducted to determine the amount and rate of change 
in the weight of a material as a function of temperature or time in a controlled atmosphere. 
Summary 
Porous concrete pavement is one of the solution of storm water runoff. The main problem of porous 
concrete pavement are the strength itself. Silica is a major inorganic element in the rice husk. By 
grinding a controlled temperature burning rice husk ash into nano size, it will use as cement 
replacement to improve the strength. Different percentage cement replacement of Nano-silica from 
Rice Husk Ash at lo%, 20%, 30%, 40% and 50% will be evaluate to determine the optimum of 
nano-silica in porous concrete mixes. Hardened porous concrete characteristics will be evaluate by 
conducting compressive strength test, flexural strength test, tensile splitting test, shear strength test 
and also water permeability test. For microstructure analysis, it will cover on SEM and TGA testing. 
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